A gold nanoparticle pentapeptide: gene fusion to induce therapeutic gene expression in mesenchymal stem cells.
Mesenchymal stem cells (MSC) have been identified as having great potential as autologous cell therapeutics to treat traumatic brain injury and spinal injury as well as neuronal and cardiac ischemic events. All future clinical applications of MSC cell therapies must allow the MSC to be harvested, transfected, and induced to express a desired protein or selection of proteins to have medical benefit. For the full potential of MSC cell therapy to be realized, it is desirable to systematically alter the protein expression of therapeutically beneficial biomolecules in harvested MSC cells with high fidelity in a single transfection event. We have developed a delivery platform on the basis of the use of a solid gold nanoparticle that has been surface modified to produce a fusion containing a zwitterionic, pentapeptide designed from Bax inhibiting peptide (Ku70) to enhance cellular uptake and a linearized expression vector to induce enhanced expression of brain-derived neurotrophic factor (BDNF) in rat-derived MSCs. Ku70 is observed to effect >80% transfection following a single treatment of femur bone marrow isolated rat MSCs with efficiencies for the delivery of a 6.6 kbp gene on either a Au nanoparticle (NP) or CdSe/ZnS quantum dot (QD). Gene expression is observed within 4 d by optical measurements, and secretion is observed within 10 d by Western Blot analysis. The combination of being able to selectively engineer the NP, to colocalize biological agents, and to enhance the stability of those agents has provided the strong impetus to utilize this novel class of materials to engineer primary MSCs.